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I. INTRODUCTION
Quantum information can be protected by encoding it into a quantum error-correcting code [1] - [7] . For any prime power , 
A pure quantum code for which equality holds in (1) is called perfect. Just as the name suggests, a perfect quantum code possesses perfect structure and properties that greatly interests people. So finding perfect quantum codes has been one of the research focuses in the field of quantum coding.
Two types of perfect quantum codes were discovered in the early 2000's:
(i) The cyclic Hamming codes with , , , even, see [11] . r = Finally there is the trivial perfect quantum code: a code containing the whole space. Subsequently people wondered if other perfect quantum codes could be discovered, or no others existed. To this date this problem remains open.
In this correspondence, we solve this problem completely. We prove that the only nontrivial perfect quantum codes are those with the parameters of the quantum Hamming or twisted codes. So, in the future researches on perfect quantum codes, one can pay attention only to these codes, not to finding others. Our approach is based on the group algebra framework of quantum codes. In the following we shall use the language of this framework, for the details of which one can see [12] . E PE I Proof. From the proof of Theorem 2, it follows that all the j σ 's must be the zeros of ( )
In the following we shall prove that a pure (( , , 2 1)) q n K d e = + quantum code is perfect if and only if s e = . We conclude with an important necessary condition for a code to be perfect.
Theorem 4.
For any pure quantum code, 1 2 ( 1
Proof. First suppose d is odd and let h be a vector of weight 1 2 (
then by the definition of pure ( 1)
Proof. Let be a vector of weight . Then by Theorem 2,
Proof. Suppose s e = . Then by Theorem 2 and Lemma 5 , But s e ≥ by Theorem 4. 
Remark. The proof of this theorem is long, and exactly follows that of the Tietavainen-Van Lint theorem in the classical coding theory [13, Ch. 6, Theorem 33] . Thus the proof is omitted here.
So far we have solved the problem of the classification of perfect quantum codes. Theorem 9 tells us that besides the trivial one of the whole space, the only perfect quantum codes are those with the parameters ( ) 
